Figueiredo, P, Marques, EA, and Lepers, R. Changes in contributions of swimming, cycling, and running performances on overall triathlon performance over a 26-year period. J Strength Cond Res 30(9): 2406-2415, 2016-This study examined the changes in the individual contribution of each discipline to the overall performance of Olympic and Ironman distance triathlons among men and women. Between 1989 and 2014, overall performances and their component disciplines (swimming, cycling and running) were analyzed from the top 50 overall male and female finishers. Regression analyses determined that for the Olympic distance, the split times in swimming and running decreased over the years (r 2 = 0.25-0.43, p # 0.05), whereas the cycling split and total time remained unchanged (p . 0.05), for both sexes. For the Ironman distance, the cycling and running splits and the total time decreased (r 2 = 0.19-0.88, p # 0.05), whereas swimming time remained stable, for both men and women. The average contribution of the swimming stage (;18%) was smaller than the cycling and running stages (p # 0.05), for both distances and both sexes. Running (;47%) and then cycling (;36%) had the greatest contribution to overall performance for the Olympic distance (;47%), whereas for the Ironman distance, cycling and running presented similar contributions (;40%, p . 0.05). Across the years, in the Olympic distance, swimming contribution significantly decreased for women and men (r 2 = 0.51 and 0.68, p , 0.001, respectively), whereas running increased for men (r 2 = 0.33, p = 0.014). In the Ironman distance, swimming and cycling contributions changed in an undulating fashion, being inverse between the two segments, for both sexes (p , 0.01), whereas running contribution decreased for men only (r 2 = 0.61, p = 0.001). These findings highlight that strategies to improve running performance should be the main focus on the preparation to compete in the Olympic distance; whereas, in the Ironman, both cycling and running are decisive and should be well developed.
INTRODUCTION
T riathlon is a unique endurance sport that comprises a sequential swimming, swimming-to-cycling transition, cycling, cycling-to-running transition, and running over a variety of distances (4) . Official triathlon competitions vary from shorter distance races such as "Olympic triathlons" (1.5-km swimming, 40-km cycling, and 10-km running) to longer distance "Ironman triathlons" (3.8-km swimming, 180-km cycling, and 42.2-km running) (4, 21) . The relative proportion of time spent in the swimming, cycling, and running sections varies with the distance of the event. Also, the distance profile, geographic and climatic factors, and specific tactical and technical elements impact this proportion. In the Olympic distance triathlon, elite triathletes spend approximately 15% of the total time in swimming, 55% in cycling, and 30% in running (16, 18) ; whereas, in the Ironman distance, elite triathletes spend approximately 10% of the total time swimming, 55% cycling and 35% running (22) .
Since the first triathlon competitions, triathletes have continuously modified training methods, equipment, and nutrition strategies to improve performance (2, 4) . Recent studies have shown that overall triathlon performances have improved over the past several years in both Olympic (10, 32) and Ironman (21, 31) distances. Etter et al. (10) showed that for Olympic distance triathlons between 2000 and 2010, the top five female total race times improved by ;0.8 minutes per year while the total race times remained stable for men. During the same period, for both sexes, swimming and running performance times remained stable, whereas cycling performance time decreased. Rust et al. (32) investigated changes in short distance triathlon performance of the world's best elite triathletes from 2009 to 2012, showing swimming and running split times remained unchanged, but cycling split times and overall race times increased significantly for both men and women.
For the Ironman distance, total performance improvement has also been observed at the Hawaiian Ironman triathlon from 1983 to 2012 for the top 10 male and female finishers (31) . More precisely, split times decreased in swimming for men (25%) but remained stable for women. Women improved their cycling and running performances by 16% and 17% and men by 14% and 11%, respectively (12) .
In the Olympic distance triathlon, a positive association has been reported between the overall race time and the duration of the cycling or running section (11, 33) . A less pronounced or nonsignificant association has been shown for the swimming section in non-drafting triathlon (7, 34) . However, for the draft legal Olympic distance, swimming and running performances might be more important for overall performance than cycling (36, 37) . For the Ironman distance, cycling and running splits showed the greatest influence on overall race performance (17) .
Nevertheless, the historical tendencies of the relation between segment contributions and overall triathlon performance have not been previously examined. These data could help to establish an empirical basis for developing individual race strategies for athletes competing in Olympic or Ironman distance triathlons.
Therefore, in the present study, we aimed to examine the changes in the individual contribution of each discipline to the Olympic (draft legal) and Ironman (nondraft legal) distance to overall performance from 1989 to 2014, for both men and women. The results of this study may impact race tactics of triathletes, as well as provide a framework for future changes in the potential development of each discipline such as a welldeveloped strength and conditioning training program.
METHODS

Experimental Approach to the Problem
To assess the relative contribution of the 3 disciplines (swimming, cycling, and running) with overall performance in Olympic and Ironman distance triathlons at an elite level, individual discipline times (predictors) and overall time (outcome) were analyzed from 1989 to 2014. Results were obtained from (a) the International Triathlon Union (ITU) Olympic triathlon World Championships (after 2009, we considered only the "Grand Final" race due to the introduction of the World Triathlon Series) and (b) the Ironman triathlon World Championships in Hawaii. Data analysis was based on the list of results published by the ITU (www.triathlon.org) and the Ironman Hawaii triathlon (www.ironmanworldchampionship.com).
Subjects
We examined the top 50 men and women from Olympic and Ironman races taking place between 1989 and 2014 (n = 26 years 3 2 sexes 3 50 triathletes = 2,600 for each distance). Owing to dropouts, disqualifications, and missing data, the sample size was reduced to the data of 2,440 triathletes (1,341 males and 1,099 females) in the Olympic distance. The study was approved by the institutional review board with a waiver of the requirement for informed consent given that the study involved the analysis of publicly available data.
Statistical Analyses
The data analyzed consisted of the athletes' overall time and times for each one of the 3 disciplines. All times were tested for normal distribution as well as for homogeneity of variances before statistical analyses.
Linear regressions were used to analyze changes in performance, and multiple linear regressions were used to identify the independent contribution of each discipline to the total performance. These analyses were carried out separately for each year , distance, and sex. To better express the relative importance of each predictor, the weights of the regression were converted to standardized regression coefficients (beta weights) and afterward transformed to proportions. One-way repeated measures ANOVA was used to compare the time, relative duration, and contributions of the different race segments. Bonferroni's post hoc analyses were used to test differences within the ANOVAs when appropriate. The effect sizes (ESs; Cohen's d (5)) and the 95% confidence intervals (CIs) for ES of significant differences detected by ANOVA were calculated among the groups. The trends of the contribution of the disciplines to the overall performance were computed using linear, polynomial (second and third degree), exponential, and power regression models. The mathematical model that presented the best adjustment and lowest standard error of the estimation was adopted. The level of statistical significance was set at p # 0.05. Table 1 shows the time performances, relative durations, and contributions of each split for the top 50 male and female finishers at the Olympic and Ironman distance during the 1989-2014 period. For both Olympic and Ironman distances, and both men and women, swimming presents a significantly (p # 0.05) very large to extremely large difference compared with the other disciplines, being the lowest contribution to the overall performance (ES [95% CI] = 22.15 The changes in total race and split times from 1989 to 2014 are presented in Figure 1 . For the Olympic distance, the split times in swimming (20.19 and 20.22 minutes per year for men and women, respectively) and running (20.10 and 20.14 minutes per year for men and women, respectively) decreased across the years (p # 0.05), whereas the cycling split and total time remained unchanged for both sexes. For the Ironman distance, the cycling (20.59 and 21.13 minutes per year for men and women, respectively) and running (20.38 and 21.19 minutes per year for men and women, respectively) splits, and total time (20.63 and 21.97 minutes per year for men and women, respectively) decreased along the years (p # 0.05), whereas swimming time remained stable, for both sexes.
RESULTS
The changes in contribution of each segment to the overall performance for the Olympic distance triathlon are shown in Figure 2 . Significant changes in contribution were observed for men in swimming and running, both with a quadratic fit, giving a U-shape to the development of those contributions (p # 0.05). For women, only the contribution of swimming significantly changed (p , 0.001) across the years with a linear fit.
The changes in contribution of each segment to the overall performance for the Ironman distance triathlon are shown in Figure 3 . Significant changes in contribution of each segment were observed for all male stages (p # 0.05). Both swimming and cycling presented a quadratic fit, whereas the swimming stage was convex and the cycling concave. Running contribution decreased linearly (p , 0.001). For females, both swimming and cycling presented changes across the years with a polynomial of third degree (p , 0.01) as best fit and the changes between segments occurred inversely.
DISCUSSION
This study aimed to examine the changes in the individual contribution of each segment to the overall performance of Olympic and Ironman triathlon distances over a 26-year period (1989-2014) for both male and female elite triathletes. The results show that the average contribution of the cycling and running stages is of large to very large magnitude compared with that of the swimming stage for both distances and sexes. Running had the greatest contribution to overall performance for the Olympic distance compared with swimming (very large to extremely large magnitude) and cycling (moderate to large magnitude); whereas, for the Ironman distance, cycling and running presented similar contributions. These results highlight the greater importance of running for the overall performance, with cycling being as important as running in the Ironman distance. Over the past 26 years, in the Olympic distance, among women, swimming contribution decreased, whereas cycling and running remained constant. For men, swimming contribution decreased and running contribution increased. For the Ironman distance, swimming and cycling changes were undulating over the period, being inverse between the two segments, for both sexes, with an increase in the last years. Running segment only changed in males, decreasing its contribution. Although the cycling and running segments are very important in the Ironman triathlon, it seems that increasing the swimming contribution can potentially be decisive and should be improved in the training process.
In the Olympic distance, a decrease in swimming and running performance of male and female triathletes during the 1989-2014 period was observed. But, these improvements did not reflect a better overall performance. Rust et al. (32) observed stability in both swimming and running stages and an increase in overall race times and cycling split times between 2009 and 2012 in the ITU World Triathlon Series. However, a smaller range and only recent years were analyzed, which seem to be the reasons for the differences between studies. This phenomenon was previously described in the Ironman Hawaii Triathlon (21), where a fast change in the early years occurs, followed by stagnation. In the cycling stage and overall performances, our results (stability) oppose to the increase found by Rust et al. (32) . However, as stated by the authors, owing to several limitations, including different races each year, different environmental conditions, and potential differences in the course lengths, these changes may not be relevant. Also, in that study, only the top ten finishers were used in the analysis.
On a 10-year range (2000-2010 period), Etter et al. (10) analyzed the Olympic distance triathlon performed in Zü rich. The results showed that the female elite triathletes improved both their cycling time and their overall race time, whereas the male elite triathletes showed marginal improvement in cycling. These results oppose our findings. However, Etter et al. (10) investigated a nondrafting cycling competition and analyzed only the top 5 triathletes, probably imposing a different pacing strategy compared with draftlegal cycling competitions (15) . Also, during this 10-year period, cycling equipment went through several modifications and improvements (4). Altogether, different contributions of each split to the overall time are expected, as well as changes on performance across the years.
The decrease of overall Ironman race times for both sexes was associated with an improvement in cycling and running splits, as also observed by Gallmann et al. (12) and Rust et al. (31) for the top 10 male and female participants in Ironman Hawaii from 1983 to 2012. However, on a separate analysis of the first and last years, using the top 10 performances and competition, Lepers (21) found a rapid decrease between 1981 and the late 1980s on the overall performance time of elite male and female triathletes and afterward a plateau. From 1988 to 2007, swimming, cycling, and overall times for men and women and running times in men tended to stagnate; however, running times in women tended to improve (21) . This was observed in the analysis of Gallmann et al. (12) and Rust et al. (31) when excluding the performances from the 1980s. Although our analysis started with the 1989 race results, this stagnation was only found for swimming. Cycling, running, and overall times decreased across the years, for men and women. These differences in the results are likely due to our larger sample size (top 50 performances), whereas the above-referred studies only analyzed the top 10 performances. Considering stagnation on the top 10 (male and female) performances, our results suggest a higher competitive density across the years, where the triathletes from 11th to 50th place approximate their performances to the top 10. The stability in swimming performance might be due to the fact that wetsuits are not allowed in Ironman Hawaii, thus no technological advances have been achieved in swimming (21) .
Time performances and the relative durations of each discipline split were similar to previous studies, both for the Olympic distance (4, 18) and the Ironman distance triathlons (22) . We found that approximately 15% of the total time is spent in swimming, 55% in cycling, and 30% in running in the Olympic distance; whereas, in the Ironman distance approximately 10% of the total time is spent swimming, 55% in cycling, and 35% in running. For the Olympic distance triathlon, the greater contributions of cycling and running compared with swimming to overall performances, for both men and women, support the results of previous correlational studies, which found high associations between cycling and running, and the overall performance (7, 33, 34) . However, analyzing correlations between segment time and overall triathlon time may not reflect performance dynamics of the segments in relation to the race leaders' and overall finishing positions, nor on how the different percentages of the total race time of each segment can impact those associations.
For Olympic distance triathlon, swimming performance dynamics seem to be of greater importance to the overall result in elite triathletes (for review see Ref. (28)). For example, Vleck et al. (37) found that the first 400-500 m of the swimming stage appears to be critical for the development of the race as a whole, where the position of the athletes at the end of this phase of the race seems to reflect the position at the end of the swimming stage. Also, in 90% of elite male and in 70% of elite female racers, the winner of the draft legal Olympic distance triathlons exited water in the first pack of racers (18) . Although the contribution of swimming might be low, the strategic positioning in this segment may be critical to overall race performance.
Our results are in line with a previous study (11) showing a higher contribution of running (;47%) than cycling (;37%) to the overall performance. Using world championships data from 2003 to 2007, Frö hlich et al. (11) showed that running performance, as a single predictor of overall time, was the best predictor in almost every year. Vleck et al. (37) in a comparison between the top and bottom competitors in an ITU World Cup found that running performance largely reflected overall performance, where performance (rank and velocity) in the running stage was highly correlated with overall race result (r = 0.86 and 20.53, respectively). In the first 2 segments (swimming and cycling), no average velocity differences were observed between the top and bottom competitors. This might reflect a strategy of those triathletes who are better runners than their competitors to limit their energy expenditure during the swimming and cycling segments. In fact, the only segment that has to be maximal is running. Supporting this, Wu et al. (40) presented similar values of velocity and power for swimming and cycling, respectively, in sprint, Olympic and halfIronman, however, with differences in the running segment. Performing the running segment as fast as possible may require a more even pace, as Le Meur et al. (19) observed in the best runners during the 10-km running of an Olympic distance triathlon. Despite changes in gradient, these runners demonstrated superior ability in limiting decrements in running speed during the later stages (19) . This lower decrement might be responsible for the higher contribution of the running discipline to overall triathlon performance.
The physiological and biomechanical adaptations to cycle-run transition are well documented (for reviews see (4, 24) ), showing a negative influence of cycling over the running stage. Nevertheless, in the cycling stage, an inverse association between the speed in the final lap and position after this particular stage was previously demonstrated (37) . Hence, as speed increased in the final lap, the finishing position at the end of the cycling stage improved, which can justify the higher and lower contributions compared with the swimming and running stages, respectively. Also, the drafting in the cycling stage has influenced contribution results, making them lower than the running ones. Drafting was associated with a global reduction in energy expenditure, heart rate, and ventilation values (16) . It allows better performance in the cycling stage but more importantly for the Olympic triathlon is the energy saving for the running stage, as triathletes ride in packs. In fact, the velocities during this stage are similar between the top 50% and bottom 50% athletes grouped by overall position at the end of the triathlon (37) .
For Ironman, as in the Olympic distance, swimming contribution was lower compared to other disciplines for both sexes, which is in accordance with the data from Knechtle et al. (17) presenting a lower association between time spent on swimming and overall performance, than in cycling and running stages. The lower contribution of swimming should be expected because it is a highly strategic stage rather than a decisive one. Most studies investigating pacing during prolonged exercise in ambient temperatures have observed a fast start, followed by an even pace strategy in the middle of the event (30) . A fast start during the beginning of a triathlon (i.e., swimming discipline) is required for several purposes, including to achieve a good drafting position behind the fastest swimmer during the early portions of the swimming discipline, to conserve energy throughout the remainder of the swim, to reduce the delaying effects of previous waves of swimmers, and to be better positioned for the beginning of the cycling stage (20, 36, 37) . Also, swim drafting is allowed, which makes the performance less variable between triathletes in this stage. Cycling and running contributions were similar, which is in accordance with the associations presented previously (17) , probably due to the nondrafting cycling, in opposition to the draft-legal Olympic distance. Also, there is evidence indicating that an even pacing, achieved by maintaining a constant velocity despite varying external conditions (i.e., wind and altitude), may be ideal during endurance events such as the triathlon (1). A similar change from the Olympic to the Ironman distance only in the cycling stage was previously observed (38) . What may happen in the running change is that the performance is likely influenced by a reduction in muscle glycogen content (13, 14) , neuromuscular activity (27) , and mental fatigue (23) . Differences in performance between men and women have been reported (12, 31) , suggesting the use of distinct strategies coupled with the well-known sex differences in physiology, decision-making, or both. However, during long distance running, women were reported to slow less at the end (8) . Taken together the existent evidence for a plausible difference between male and female performance, our results showed a similar running stage contribution for the final result for both sexes.
The observed changes across the years for the Olympic distance in swimming were quadratic for men and linear for women. These may be a reflection of both, the improvement in the swimming performance over the years and the decrease in performance variability, which also contributes to the average performance improvement and might explain the lower contribution of this segment. This trend is probably due to more and better training, improved diet plans (26) , and to the continuous development of better wetsuits (25) . Also, the introduction of the draft-legal cycling at the 1995 ITU World Championships might have changed the tactics used during swimming. Finishing the first segment with no pack has limited advantage because maintaining that isolated position will be harder without draft, and also the influence of the effort of swimming segment to cycling and overall performance is negative (3, 29) . Modifying this rule may have had a higher impact in the swimming segment in men than in women, as the cycling segment is a considerably stronger segment in men (36), thus explaining, at least in part, the differences in the best-fit regressions between sexes.
In Ironman, both male and female triathletes presented inverse changes in swimming and cycling stages, thus an increase in the swimming contribution would determine a decrease in cycling contribution, also linked to the transition swim-cycle. In the latter years, swimming stage showed a higher contribution, which might be consistent with an increase of swimming practice hours along the years, as weekly swimming hours were associated with better race time (17) , although no mean performance improvement was observed. Also, this provides evidence that although with a low average contribution, swimming can impact the final results when the two most decisive segments (cycling and running) are very similar between competitors.
For both distances, swimming presented a higher variability in the contributions along the years, probably due to the influence of several race dynamics such as swimming in packs, drafting, the impact of the initial positioning in performance and energy saving, and being mass-start events. The use of wetsuits, in the Olympic distance, may also influence the contribution, particularly, the less-skilled swimmers (35) . The wetsuits help shorting the draft distances between athletes, and weaker swimmers may exit the water closer to the lead swimmer.
In cycling, the contribution was stable across the analyzed years for both sexes, concomitant with the performance plateau observed in this split, despite the above-referred and discussed increases reported by Rust et al. (32) . A large variation was observed around the mean contribution (Table 1) and regression line (Figure 2 ), which may reflect, for example, the course design, that especially during the cycling stage, varies between the ITU World Cup races. According to Vleck et al. (37) , within the first Olympic qualification cycling (from 1997 to 2000), the majority of cycling courses, while being multiloop, were flat. However, the opposite trend in course profiles has taken place in the recent Olympic cycles. Although, training, equipment, and pace strategies are continuously improving, the latter might explain the stability of the cycling contribution. Also, the transition swim-cycle plays a crucial role in this stage. As described above, the use of wetsuit decreases the gross energy consumption during triathlon swimming (35) and may aid the less skilled swimmer to produce the power outputs required during the initial cycling phase to reach a good cycling pack position (36) . In this study, we only examined the cycling stage time, and considering the distance of the stage, it provides the performance velocity and not the performance power. Power is a better indicator of the physiological demands imposed by the cycling stage (6, 39) , being also influenced by drafting (9, 16) . Therefore, performance velocity during the cycling stage may not reflect performance power.
In the Ironman distance, the increase in the contribution of the cycling stage in the early years might be due to some modifications in the aerodynamics of bicycles; however, for males, the contributions stabilized afterward. On the other hand, for females, we observed a decrease of cycling contribution along the years, except during the past 5 years, where this contribution is increasing. This result may be linked with the stable high contribution of the running stage, larger number of participants, and an increased interest for training plans for female triathletes in relation with an increased acceptance and the public interest of female sports participation over recent decades, mainly in cycling where a larger potential for development is observed (20, 36) . For Ironman races, the cycling stage presented lower contribution variability. This may be linked to the great distance that have to be covered in an Ironman, and with the effort to minimize the adverse effect of fatigue during the running stage, with a concomitant decrease in velocity (38) .
Running contribution for the Olympic distance in women remained stable, whereas in men had a quadratic adjustment, reviling an increase in the first years and a decrease in the final years, despite the observed improvement in performance. The running stage of a triathlon is highly influenced by the precedent cycling stage (4, 24) and is reasonable to assume that running is the only segment that is performed at maximum, to fight for the best position at the finish line. Before 1995, when cycling draft was illegal, cycling was performed at "maximal" intensities, explaining the subsequent increased contribution of running stage. This may be particularly true for men, as they exhibit best performances in cycling (10, 20, 32, 36) . Nevertheless, when no draft is allowed, running times have been decreasing more in women than in men (10), evidencing a larger potential for development in this stage, particularly their cycling skills (20, 36) . Also, Vleck et al. (36) suggest that the elite women with better swimming and cycling ability than the group may have a greater competitive advantage at the running start compared with elite men. Sex difference in running is higher than in swimming and cycling (10, 32) , which might be due to drafting during the swimming and cycling splits. Male triathletes might benefit more from cycling drafting than women because they tend to ride in larger packs (18) . Plus fast runners seem to benefit even more from drafting during cycling (16) . Interestingly, it was previously shown that running speed decreases significantly over the whole distance in males, whereas women slowdown in the up-and down-hill sections (20) , influencing the overall performance differently for both sexes.
The observed decrease of the running contribution in the most recent years could be due to the stability showed by Etter et al. (10) between 2009 and 2012. Whenever we approximate a "virtual human limit," the variability between triathletes expectably decreases, as observed in the present study. Also, this stage is less affected by progresses in equipment (e.g., wetsuit, bicycle). Because the proportions of the stages are summed 1, it is understandable that this decrease in running is concomitant with an increase in the swimming stage.
In Ironman distance, men showed a decrease in running contribution, which may be the result of a higher performance density across the years. By contrast, women remained stable, which could be due to their improved running time across the years, shown by Lepers (21) to be about 3.8% per decade since 1988 to 2007.
The contribution of the running, as well as all the other disciplines, in the Olympic distance presented higher variability across the years, mainly due to the differences on distance. It is expected with an increase in distance that fewer changes occur, as paces became uniform.
Some limitations of the study should be recognized. We only included the top 50 athletes in the Ironman distance, which may limit comparability between the distances as well as the overall generalizability of these results, as there is a higher heterogeneity in athletes' performance level at the Olympic distance, whereas in the Ironman, the top 50 represent a more uniform performance level within the group of athletes. Nevertheless, the analysis was able to detect differences in the contributions between distances that seem reasonable and ecologic. Also, different environmental conditions, potential differences in the course lengths and morphology, the use of wetsuit may contribute to differences across the years. Finally, we were unable to analyze the transition times (swim-cycle and cycle-run), because data were not available for the 26-year period.
PRACTICAL APPLICATIONS
The present 26-year descriptive study shows that the time spent swimming is less predictive of the overall triathlon performance compared with the time spent cycling or running in both Olympic and Ironman distances. Running is the stage with highest contribution in the Olympic distance, while in the Ironman, running and cycling contributed similarly to the overall performance. These results present strong evidence that running performance should be the main focus when preparing to compete at the Olympic distance, and all strategies that can promote this improvement should be implemented (e.g., strength training). In the Ironman distance, emphasis should be put on both cycling and running training, independent of the sex. For the triathletes who are not able to have an outstanding running, the Ironman distance could be a good option since cycling has also a decisive role in the overall performance. Not only does this contribution help to define priorities in the training process but also can be useful for talent identification for Olympic distance triathlon or in decision-making to change to the Ironman distance.
Supporting these ideas, for Olympic distance triathlons, the contribution of swimming decreased for both men and women, while the contribution of cycling remained stable for both sexes, and the contribution of running increased for men and remained stable for women. These present the need for a continuous improvement in the decisive segments, mainly running at the elite level. It is also clear that both the performance and the dynamics within each stage are very relevant and should be planned and practiced. For Ironman distance triathlon, despite the lower average swimming contribution, it is clear that this segment has been more important over the years, meaning that a better focus in the swimming training of Ironman triathletes can be beneficial to the overall performance, mainly when both cycling and running are very similar between competitors.
